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X-Ray Scattering and Absorption Spectroscopy
Study of the Order-Disorder Transition of
(FePt)1 xCux Nanoparticles
Tzu-Wen Huang, Te-Horn Tu, Yen-Heng Huang, Chih-Hao Lee, and Chih-Ming Lin
Abstract—(FePt)1 Cu nanoparticles were prepared by the
simultaneous polyol reduction of platinum acetylacetonate and
copper acetylacetonate, and the thermal decomposition of Fe car-
bonyl. The addition of copper reduces the transition temperature
of disordered fcc structure to orderedL10 by about 50 C–100 C.
Together with the X-ray powder diffraction (XRD) and X-ray
absorption spectroscopy (XAS) results, the structure of FePtCu
ternary alloy was verified and the Fe site was replaced by Cu.
Index Terms—FePt, hard magnetic materials, L10 phase,
magnetic recording, nanoparticle synthesis, X-ray absorption
spectroscopy, X-ray scattering.
I. INTRODUCTION
SELF-ASSEMBLY FePt nanoparticles with extremely highmagnetic anisotropy were predicted as the best material
for high-density storage hard disk in the future. It will surpass
the limits placed on longitudinal and perpendicular recording
media. In this system, Sun et al. [1] prepared spherical FePt
nanoparticles by a simultaneous reduction of platinum acety-
lacetonate and thermal decomposition of iron pentacarbonyl. As
prepared, the nanoparticles were spherical, superparamagnetic,
and had a disorder face-centered cubic (fcc) structure. In order
to enhance the magnetic properties, the nanoparticles were an-
nealed at temperatures above 550 C, so that the particles were
transformed to face-centered tetragonal phase and demon-
strated a ferromagnetic property. However, these high temper-
atures would be undesirable for processing of the media. At
high temperature, the particles cohered and the self-assembled
structure was destroyed. To reduce the annealing temperature,
adding third elements is one possibility. Au, Ag, Co, or other
low-melting elements have been added to the FePt system to
show a beneficial effect on phase transition by the segregation
of the third elements at high temperature [2]–[6]. Different from
the segregation mechanism, forming a ternary alloy by adding
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Cu atoms in the FePt system to reduce the magnetic and struc-
tural transition temperatures had been verified in a thin film and
bulk system [7], [8]. However, in a nanoparticle system, the re-
duction of temperature has not been studied before. In this work,
we will describe the synthesis, structure, and magnetic proper-
ties of adding copper in FePt nanoparticles.
II. EXPERIMENTAL PROCEDURE
FePt nanoparticles were prepared by mixing the platinum
acetylacetonate and Fe pentacarbonyl in the presence of oleic
acid and oleylamine stabilizers [1], [9]. A specific amount of Cu
acetylacetonate were added as the Cu source and phenyl ether
acted as the reaction solvent to prepare the FePtCu nanoparticles
at a reaction temperature of 260 C. The composition of each
sample was determined by energy dispersive spectroscopy and
X-ray fluorescence. The particle size of as-synthesized nanopar-
ticles dispersed in hexane solution was measured by small angle
X-ray scattering and transmission electron microscopy. The par-
ticle size is roughly nm. All samples were then heated
at different temperatures for 30 min at 10 torr in order to
enhance the magnetic property. The magnetic properties were
determined by vibrating sample magnetometer (VSM) at room
temperature. The XRD and XAS experiments were performed at
Wiggler beamline 17B, 17C, and 20A of National Synchrotron
Radiation Research Center (NSRRC), Taiwan, R.O.C. The par-
ticle sizes of annealed samples were determined by grazing in-
cidence small angle X-ray scattering at NSRRC.
III. RESULTS AND DISCUSSION
Fig. 1(a) shows the magnetic hysteresis loops at different Cu
concentrations at 550 C for 30 min. Fig. 1(b) shows the coer-
civity ( ) as a function of Cu composition. It was found that the
nanoparticle is superparamagnetic before annealing, but after
annealing, the sample exhibits a hard magnetic property with a
coercivity force of about 200–3000 Oe. By measuring samples
at different temperatures with and without adding Cu atoms, the
reduction of the transition temperature of those samples with Cu
addition is about 50 C–100 C. The value is proportional
to the composition of Cu at low copper concentration. However,
as the copper concentration rises higher than 10%, the drops
rapidly. It indicates that when the Cu composition is too high,
the structure is no longer similar to that of FePt phase.
Fig. 2 shows X-ray diffraction patterns of (FePt) Cu
nanoparticles with (a) , (b) , (c) ,
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Fig. 1. (a) Magnetic hysteresis loops at different Cu concentrations at
annealing temperature of 550 C for 30 min and (b) the coercivity as a function
of Cu composition.
and (d) . The behavior of structure transition from the
fcc disordered phase to ordered structure was revealed in
the intensities of (001), (110) peaks of the XRD. This XRD
pattern is similar to that of bulk and thin film [5], [7]. Fig. 3
shows the order parameters, ,
calculated from integral intensity of diffraction peaks (001)
and (002). At the annealing temperature of 550 C, the order
parameter increases from without adding Cu to
with 11% of Cu concentration.
Fig. 4 shows the d-spacing of diffraction peaks (111). For the
sample without adding Cu, the d-spacing is close to bulk value
of FePt at high temperature. It is due to the phase transition
from fcc to . By adding Cu atoms, the d-spacing of (111)
decreases as the composition of Cu increases. The d-spacing
of (111) also decreases as the annealing temperature increases.
This result implies that the Cu is in a substitutional position
instead of interstitial one during the ordering arrangement. This
result is consistent with the one in the bulk Fe–Pt–Cu ternary
system [7], [8]. In the CuFePt phase, the lattice constant
c of -order CuFePt is about 0.01 nm smaller than that of
the -order FePt and Fe atoms of FePt are substituted by Cu
atoms [10].
From the extended X-ray absorption fine structure spec-
troscopy (EXAFS) analysis, the coordination numbers of
the first shell around Fe atoms is listed in Table I. The data
were fitted together with the lattice parameter obtained from
the diffraction data. Based on the measured number of co-
ordination of Fe around the Fe atoms, we can infer that the
Fig. 2. XRD patterns of (FePt) Cu nanoparticles measured at different
annealing temperatures with (a) x = 0:02, (b) x = 0:06, (c) x = 0:09, and
(d) x = 0:11.
Fig. 3. Plot of order parameters S as functions of annealing temperatures for
(FePt) Cu nanoparticles with x = 0:02; x = 0:06; x = 0:09, and x =
0:11.
(FePt) Cu after annealing at 600 C is not totally or-
dered, which is consistent with the result of the diffraction data.
In addition, if we consider the small coordination numbers of
Cu atom around the Fe site, it can be postulated that the Cu
atoms replace the Fe sites in this annealed sample. This result
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Fig. 4. The d-spacings of the (111) as functions of annealing temperatures
for (FePt) Cu nanoparticles with x = 0:02; x = 0:06; x = 0:09, and
x = 0:11.
TABLE I
COORDINATION NUMBERS AROUND Fe ATOMS FROM EXAFS ANALYSIS. THE
SAMPLE IS (FePt) Cu ANNEALED AT 600 C
is also consistent with that of the bulk Fe–Pt–Cu ternary system
[7], [8].
In addition, a shift of Fe absorption K-edge to the lower en-
ergy was found with and without the addition of Cu atoms as the
annealing temperature increases [9]. Adding Cu atoms further
reduces the required temperature to shift the Fe K-edge to that
of the bulk FePt value. The potential of Cu oxidization is lower
than that of Fe, which might be helpful in the reduction of the
surface iron oxides to the FePt state.
In comparison with the system adding Au, Ag, and Co, the re-
duction of the phase transition temperature is caused by the seg-
regation of the third elements. In our system, the Cu and FePt
form a ternary alloy, and the Cu replaces the Fe position. In-
stead of creating more vacancies to promote the atom diffusion,
it might increase the total entropy and reduce the energy bar-
rier of phase transition. In addition, by comparing the annealing
temperature reduction (200 C) found in the bulk FePt [7], [8],
our nanoparticle system reduces only by 50 C–100 C. Surface
effects do play an important role on our system.
In summary, (FePt) Cu nanoparticles
with a diameter of approximately nm were synthe-
sized. The magnetic and structure transition temperature can be
reduced by adding Cu atoms with concentration between 2%
and 9%.
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